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ABSTRACT : 

PURPOSE: To increase the peening efficiency by feeding bubble cores sufficiently in 
the form of bubbles with a sufficient large diameter. 

CONSTITUTION: Under the water 604, the water 602 fed from a high pressure pump is 
injected from a nozzle 1 at a high speed, and a high speed water jet 607 
accompanying a severe cavitation is hit to a work piece in the water 604. In this 
case, ambient cores to be the cause to expedite the cavitation are fed forcibly to 
the upstream side of the generating area of the second peak in the cavitation shock 
pressure generated at the under-water high-speed water jet 607 (606) . Consequently, 
the cavitation generated to the under-water water jet 607 is expedited, and the 
residual stress of a steel material and the like is reduced, and at the same time, 
the attachment is reduced and the pressing efficiency is increased. 
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xmmmm^i>\^\msiiMm>.znk<m\^t>tix 

[00 0 31 U>L. C:coJ:3^y7:^hSmoai*=3r 

^^Tm!i,zh^^£ifi(,. ^tti:>\^--yyL^j:mim 

■fix^i\^^W'Vcmmmsmhh\^\mmzi>^- 
b ii^f^^jMimx-hi . 7mi:m\>mimmi^x' 



(2) i^gB¥6-47667 

2 

[0004] «)$'>jJ--^'-vX7 hiOf JfflJi, J--- 
36 14^) . A(fm,izxm-~ym. ymm:i> 

h-oxmmmi&^mmif^ t v ^ d ;>< u 7 b t> j> 

[00051 Li-tZfUi. A(.m^<r>m)E:f)iWHz 

b , m tmmxhhmzibizi&mifiii'^^^^ t test 

^m^t^mz^jryXLid. 
[00061 -Jr. ?k**ias[t»±. ^-\'t'x->'3 y 
^m^$-t?>coiz+^:k^^jr9-^ Xffymmjmmjti 

b. ^tibmm^bcom\i^mcr>m^m:izx^. mM: 

20 Wji^«0i>OJ:')l~2ffffc;>c^V^aLV^^-Vb-T— 
tifc'S<=5:V^ifiStffi:JjTafi!t-C#Snrigtt*^*S, t 

[0007] HlSfcHl 9t:{a!3Rmg<^2fi^^*-r. 
30 018iOyXyKi*tftt5ft5^-^b'x-v'3y$^(E3t 

tiJCfcv^TgPp^ntca^Lfcr^^^-V'bx-i^H 

ffl LTI^ L J; 3 1 ^5 1> COT'S) S . 
[0008] Ztl^comi>Z}i\,^X .1501 «yx;i^* 

I50 2»i5j-'J7-^X|S!. 1 5 0 3»iP3itfflPgB. 
1 5 04iiP3^jHai. 1 50 5«ii'fa5ff. 150 6 
WSJE^ail^a. 1 5 0 7{iiSltl)l0:jkt*«5. 16 0 1 
Ji?Mi. 1 6 0 2*i»i*^p'Ji. 16 03{iyX>k 1 
60 3aJi/X;l<5tSS. 1 6 0 3 bliHtKdl. 16 04 
40 ti*. 16 05Jd'i=Kt'S)S. 

[0 00 9] Cicoai 9tCfcV^T«. /X;H6 03i: 

ItBE'ja^SV^IiyX/H 6 0 30tt«£3i«)tc£46^tt 
[00101 

df-\'bx-j^3:/*cpS3^T'i)*i.tf. ®§ILTi>ttfH^ 

m-?>mm^t\\ ms^ijamiz^mLx obL 
50 Tt>. mmzhtL^mm^x%>iii-fim.ifim.L^j: 
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Ji. rggXSk ( i nf 1 ow nuclei)jtr^ 
( amb ient nuclei) j ip$)?>. BUffi 

[0011] -IT. mmmt. m^tit7ii\m(r>m 

ff. feSWtSt^. -eottSli/jNtc. *-^-et^ti!'^=5r 
[0 0 121 yX;k*»^,±IB**^^«St-ri.*«. ry 

§'<cmm(o^Ti>. mizm-mm)ifi±^ 
iib(Dmmi)-(>mm}izmmLx la o , (gji^^i.7t^ 

[0 0 13]*f6BB^B«i:-r5i:C:>?>{4. Z<r>Xo^ 

mmj^^mt. -Hk^cof^mmT^mm+^iz 
xizmi>mmmim>tzbizS)t. 40 

[00 14] 

o. 

[0015] *^BBT1±. iificSfc LTc^^tfTlciSgStC 
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mmmim.< iznA.tzAi^tmv'^^'^^-th, 

[0016] JJScO^cSX^J'y HJi-7gBltXm{4, 
ti5n*>^><0±8fcKl«5g<^-^rhT-S^3 y*i^-ri,® 

isffioig2 t-^'fis (^) m^z/Xfi-i^ 
*) iz^j:i>xoizmmmtiaimniimt:Wi^ 

[0017] -t^'i. fc . ±mmj}^ 

[0018] ®tc^ftS*'':^#-r^4Jl^tc«4. ±9 

h'x-i^3y^ja*«l64-rSi:. V^i)«9)S:5''yi'3>'<?) 
^ffltciO. tt^fcJt-r&^-Vb'-f-i/3ycol^:^3*« 
/hS<^:-:>TL^d. ^-Vbx-v3yoi6^*^(£3t$ 

-uco^^rxh*). ^^'h'^-i^Byij^m'ib^ 
'y^-s >'S6afcJ: *} . i^^^dr-^bx-J^3 ycomofi 

[0019] 

^ja^O^^tciO. ia*=^-V'b'7^->'3>'fc LTj£;Si- 
4. ::c0ja**-Vbr-i^3>{4. r^2e-:7fi[aj 

[0020] }i*4f-vbr->'3 y\i. m.mmb^£ 

hWiWm\,zmmhixhi:o\zm^h, z^y^^zr 
c7)^-vb'f— >-3yt4»ttT&s*>^>. m^mm. % 

3 yamSL^m L < SUt-t a ^ i: T'J) S . 
[0021] iSife^-Vb'f— ^-3 ytivty^ypr. "SsE 
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[00 221 -^r. zcom^^^\z'7—'^Byii. <£v^ 

[0023] 10 

Xhh. 

[0024] y 1 i04"t^tt9±tiap-t€.«ai?L*> 

nwm4izm^i>. 

[ 0 0 2 5 ] y X/H <^h^ffl!l*-A>Ji. ^acO^ffl^E^ 20 

^tsmsLcomw^ {m^mht\'Mi^^:mfmiz^ 

ti. mm.f^(^n&mizii\,^X'^ti. 
[0026] zff)!^m^m^7<omtii^ii. isrc 
s>h-smi'm<r>i/2o^i/4mBnzm^-tt. ^ 

0 . 3 %-4 5 %«KHtg^i. t J: V ^. mmm^ 

mm^tix. immifZix^ t&S:Lm>^ij^(>xhh. 
mm.im<^mbx'j^^\>^iixhtiu. f^smm&m. 

[0027] m^<r>^^Lti&mx*)mi)HzTnnz}5 

mmm8i)<^tx. mizi^Lxm^^wm^^nm 

*^^tT-i^3>*^iS%fc:4^S. ^i0^«8fc:fc 
V ^X± tfz^^r t'7^-i^ 3 >- fc ±^i!Ki^ /i>sEA LT < 

4izm^l. 40 
[00281 ff^gt J:oT=Jf-^hx-i^3 yg^tatifls^ 

MJ[Mmm4±i>h^Mi^ff)m.<iSimzi5\^x^\,^ 

mm&i:^^-^^. =^-Vbr-y3y^JiS^L<^ 
StlKffl4»i. v37hb-r:y^^;$n3t<7)t|S)ai<0*tli 

Wi. m3&^im5tLxmmzmLLx\,K. 
[0 0 2 91 m2^i^mzm3it. ^'mi:mm^ 
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[0030] ^oyX;KctJV^T«, +^^fc:ft)fcKi«8E 
3!p1taj^S±iaaia2 O 5*>VX;l^*t|c2 0 1 cOlaffiC 
^□LTV^S. icO±iSaifL2 0 5^i. ^E*fit*&g£ 

K2 0 3 1 ztuzmmtimmm itmm 204 
mx. mm2 0 2 t<m^tL. ±ift^<osa[*iags[ 

t LT^H*2 1 2fi^tmi^tl&. 
[00311 ±I«I15?L2 0 5commi>Zii. ^ff)ti"iM2 
1 1 *«±i»ai?L2 0 5 «0+'i:^2 0 6 i: 1 ^r^i)& J: 
3tcmPf S4ffl<7)jaffliStli?L2 1 0*«^nLTir^S. 

c:co^Hisai?L2 1 o*>^>{i. ^^hi>^msmmi 

L3t*2 0 7*«±^tt J: dfc±i®airL2 0 5ffit><^n 

mm^co^tiizimLxm&X'mi^tih. z<r>yx 

Mzti\^X. SMfcSV^J±S^»*2 0 7Ji, flW&gS 
*&2 0 8fcJ:tXgirasa5 (UJijaJ) 2 0 95:atT. 
^ffl«a5?L2 1 0^i:tt*&$*l.i.. ±iftaj?L2 0 
'11^2 0 6 fc^iBi»aj?L<7)4"C«l2 1 Hi. ±iftai?L2 
0 5<7)!15P*>^>XinfftS!iix>t:{iaT\ MIBOftS^-C 

[0032] iiOffiglXm. BD-^aa[*g£t^BKSr-if 
tfoEMt «^«BESIIi, ±i«ai7L2 0 5coa}Ptaio:it 
I&ffi2 1 3SC01EJSX2 i ')t>^^>^<gS-rS. Xm 
«4 0<X2 /D<9 0fc. ^;':!X2 J±6 0<X2 /D 

<i5 0(Dmsxm^t?>. X2 ios^ '2' {±. 
2s@<oif-^ ml\^~^'^iyxMzJ;:*)l&^^^m^z 
x'$>h. ^^maa. 10- -6 0- <^)ffiHrttc. $ 

A> tail L < l± 1 5 • ~4 5 • <7)liH{;^S J: 3 tyx 
[ 0 0 3 3 1 H4li. *t5j:VjgBKfi»&^iOBW&^* 

Lfzi><7)X'hh. ;icommx'ii. mw^^:^. m-h 

:^'PX'imi&bLxm)kt&, ^tmtLXmjMom 
t^rS*«. ^3 0 4rt{CtJ{tS*3 0 5*sa^±ff 
^>ft, SE;Kyr3 0 6-e#ffi$it, @£E*ttl&7-fy 
3 0 9 ^ji tT y 3 0 1 '^^A^ixl. , 
[0 0 341 *yt:^HKt=Srl.Sm«s 3>-rW71?-3 

0 7*^f>E^g^^7>f y3 osi:myX)U3 o i 

trioT, i5ammi3 0 3\.zn^'thm.iizwm.^ix 
yX)V3 0 1 tJDijkt^!ft3 0 3f^wmi. AM 

[003 5] H4'<^3 0 2Ji. df-\'bT-s/3>'2:#d 

laes. 3 1 o<iiav^ji*5-f yt'fcs. 

[0036] 05 tS^tHiSMti. ^BSkSr . tSfttt® 

[ 0 0 3 7 1 i-r. LTcOs^^TjOlgEJi. Sffi* 
fit*&7-f y 4 0 8TS3g4 0 4rt(J57k4 0 5 S:®V^3i;^^ 

y4 0 6*»<^ia;?^±{f . ^Ed?yr4 o 7-c#ffi 

SiE*fl^5>f>4 0 8T^3§4 04rt<07|c4 0 5 
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lS5g4 0 2 f:^roTjllIitl6!t!)4 0 3^»§^S . 
[0038] -^r, iilB^fit|&fflC0*{4. 0 4 

£0*4 0 5 ^fumr^yrA 1 0Ti8;^^±»f . ±^r*<;*;m 
{ciap-r5J^<i4 1 irtfcK=7k?n2.. ^coj^ffl4 

[0039] Jgi*ffl4 1 1 rt«0*(±, fiElSSW?>'T4 10 

«gS[4 0 2A.|6]{tTiMt$^lS. 
[0040] 5:iJ, 04'<7)4O3{4ino:*tl^!H9. 409 
\±-7-3.\:^V-9 ^ AlOMW^T^yy. 4 13»±S^ 

[00411015. H16. 017J4ffiffl$flSyX 
[0 04 21 01 5t^yX;M4. SiRffi^ (LerO 20 

[0043] ^4J, atfJCT)! 2 0 HiyXjl'^i^^ 1 2 
0 2Ji^ffi*. 1 2 03(±+'i:>«l. 12 04{4^ffi*« 
J&sESS. 1206J±±iSaj?LT*S. 
[0044] a^tH 1 6 iZ^yXfl-X'li. gJRJBS 
(U2:Oa5) 1 30 5*ft<LTV^S. 

±isaj?Li 3 0 6co±mm. mh±mtiaii soe 
tmwm ( tmm 1 3 0 snmi^^x. ^^^^ 30 

[00451 ^tJ, atfc^l 3 0 U±yX;P+«c, 13 
0 2 {iffiffi*. 1 3 0 3 J±+'t;«. 13 0 4 {Jaff*fl^ 

[0046101 7t5^-r>'X;N4. ±iftaifLl406 

<mmzrm h ) ttio^f^bT-:? 1 4 0 7 sr 

^{t^t>«OT*>l.. iiO^r-Vbx-rJ' 1 4 0 7*»/i> rg[ 
ASEj fcLTO-9-7'^^bx-i/3>'^l6^S-ti:T, 9 40 

ai^*«cEtciJtt-s.=^-\'b T-i^a y «:»c-r 
tmnwMmmzi.->x-v%\z^ht:^\^\^ 

[00471 ^iJ. Wi?<n\AQ\\i.JX)Vim. 14 
0 2(4^2*. 14 03J44"t*. 14 04a^E*ffi 
l&ciK. 140 5J4gIDUSa5 (LSrOgS) T-ftS. 
[0 048] iKt, ^^-^-bx-v-HySrffd-^^r* 50 
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^Wlc^i^-t^-^'bx-xHyti, ***»t2o<:o^'f 

flII-^^f-V'bT-i'3 y^' 5>> K 5 0 4 
df-Vbr- v-H y 5 0 9 lizm^^ . 
[00491 =5f-\'bT-x3y^'7»?K504J4. JX 

)U5 0 i<o«{ii?L5 0 3(Oiiioi)>ii>mmizm.t. t 

^ff)S)t&MtX-< h fc^SL (505), 0 fc 

LJt^-Vb'-r-^-a y^ K 5 04<7)i)-i:it OJirlM 
L < 2 0 7 ) , S«ill^:5ijg5 0 e^mi^fc^irtS J; 'J 

[0050] -^r. =^-Vbx->'3y^'7'>H5 04<7) 

3y5 0 9*^fej^.&, Zffym^<Dm^^'V\z7—i^3 
y 5 0 9«. gtae:3:^}afflP*^gcJ*<:o J: 0 to^Tj&^ojt 

v3 y 5 0 9C0^i)^+^ (509a) XS>ht^. ^ 
Wlf—l^BV^y^ H 5 0 4<0^^S*i^tSJJt'i0T 
8SE^ff< i:jft*^-^bx-i^3y*^t (509 
b) , SS:t^<a'?.ix*J:3t^rl.. 

[0051] 'mi t- 

tffla-rSx^yHjr^ffiJExi XM. ^^b'T^- 
>'3y^'7'>H504*^^UTiJ'?, tSEl^gBconr 

[ 0 0 5 2 ] '^2 b-^' • \iz 

lam-hX^VYi^ymb^i X\t. 4r-^b'7^-i^3y 
^7'>H5 04«*3SL. t.tM<r)m>^^\:'f-'^ 
3 y 5 0 9 *^'?SI6ti£fi-ri. J: 3 t^mifm.'Siixh . 
[0053] H'*'<555 0 2J4K£E*, 508(4^ 
W^Xthh. 

[ 0 0 5 4 ] aeji, TK+safTtciffiE'^flW&Jixs^-^ 
b'T-i^3 yMj&Kco^^^wtiair^Tt tiof *) 

(605). ^(mxmi. iSaj?L6 0 3 
rt{cfcv>T4^-ri.i^:r=¥^bT-i^3 y<504m(cj: 2. 

[0055] -^r, ^H*6 0 4*»^>J4. mSLCTimm^ 

m.x^mm<s^^tth (606) . ^(nwmmt. 

3y5:#0ai-r. JiUii02oO^'>fTC0^-\'bx-i^3 
yK*>'BE*-tS i fc t J: 0 , aLv^:^-\'b'7^-i^3 yi& 
#a i«S[6 0 7*if^ 0 ajSiiTiK . 
[0056] fiH. 06 0 1 MJXtV^ 6 0 2(4K 

[0 057] iXK. «U^=^-^bT-v3y$-#di«cS[ 
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[00581 07 t-ecOiSg^rffi^^. ^^\z7—'> 
3 ym^CO^^'miO 3*><c.mtri6lk: 5 mm«SLfcfi[ 
at. ^ yPA 7 0 5 $rmEt& . Z 

[0059] ^-Vf x-i^3 ytfcv^TJi. ^-\rt X- 

[ 0 0 6 0 ] ^fc, @tf(07 0 1 tiyXfW 7 0 2«a 
EEtK, 7 04Jidf^rt'T— >-3y«8S[£0$^, 7 0 6{i 

[006 13 08{i. iliJi^n^LJtX:?^ H:t7KSSx 
/D (D{iyX;KoieaifLo«g) tcJtLT. iSStffi^i 

:t7iESix/D=10~4 0('fcl^Tg*JC0tf-^' 'IS 20 
It-:?'' . ifcTl£li<Ox/D = 6 0~l 5 0tt>l^ 

s. 'mi^-i^' ^m^mmvm<^^(nl,znLx. 

'IS2t-^'' tt«iJ!£V^x/D(0®«T«*W)»^iiIc7) 
[ 0 0 6 2 J /•<y;<-^t L)tiSltE^)Pi tc*t 

a-r5x/D3!iJ. ^)-^|i?^<&i;03&b^>^v^t^TS[ 30 
[ 0 0 6 3 ] »:t . |||gc7)jnxfc l^atcHf^cBiitiSSSS: 

XfU9 OIX '9Sffi*9 0 2 Sriftlt ^-Vtx-i^3 
yiSa[9045:. X5'yH:t7!©Sxc7)^Sfefr<7)t,fcT. 

r;i'5-^wisii>^-9 0 5nmmi,zmm.izmm^ith. 

[0064] ^rfc. @4>09 0 2JiSE*. 9 0 BJi* 

ioo6 5]mini. z<r>xo^j:m&wmi,z}i\,^x. ao 

[00 66] 'mii^-^' coKHrttcAI>X^'>'H5r 
7^x/Dgl8fc:t>v^T. Am|JS:*:i:^|,, 

[0067] -Jr, 'm2tf-7' fflScO6 0<x/D 
<1 5 0c7>SJ^Ji. Am<^Jtfe!rf^<l.<J,it^:l,^. A 
m«±. x/Dgl8'C]Mt^L. -enJ: OTS[fctJ(t 
l.x/DT-<iAmt±ai^tC$S^L. x/D>8 0tC^ 

hbmam^^mt^b'»^z^L<^J:h. z(^m^ 
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(tS^^b-x-i^3>' (C:niO±a«^-\'b-r->'3>' 

^y^v)\imL<m-km^hh<r>\,znL. *m2e- 

i'' tOig^TJi. dr-\rhx-i^3ytcJ:S«^i^^.^i. 

[00 68] '^It-:?' tteftSStU^«AJ±. 0 
6 Lit i ^ tjii^ Lit^-lrh x-v-s y 7 K2r 

Bii'^. jmmm'ft^zji^iv^'-ifimL'L. 

( 1 ) $/i>tJ£V%ffi«coa5*t^^b'7^-i^3>'^*^ 

[0069] ( 2 ) e-ri:x^n^S*55i<Tartr. 
[0070] (3 ) tt^kO^B0l^'ttTm< . i oai 
\^m'rti,ztX\^--yy(rymdfi:SOiiZtizii 0 . tt« 

[0 07 1] k\^o%^^t.tlh. 

[0072] Wiz. *^ttJv>T, yx)v<mm.iizn 
-rmwmmkmzr>uxw^i,, 0i2j±. ^gt^ 
y Y'^ywmi.zm-hmi^mmm^^^Ltihcr) 
xhh, im<^W!mmi^<r>^mx^yYitymiD^ 
mji, yxfv<rm\MM^TixmfyixxmLjm.^ixx 
-:(^, \:--y:!^lkf^SMmS!ti:bAo' *>^>t 
--y7miO?l5gSI?l£;*^?|v^T*a6^l5:»jiS#4A 
<y i>^ai8K^fi»&L^:v^{cfc{taiS:>jiaiFftA 

fci *)m(>tixm^it^tix\.^h, 

[0073] Xm/D (c:Stf-& t.a/Ka* ommi. 
B^LJtJ: d t X m/D S 7 0 \z\i-'7 ^-^-fWih 

iid-£m<nij~y)i\^x%t^ith. wimm^ 
wmm:mikL^j:^^^\.z]t'<x. j&jntmm- 

2^tLtfc=5rS«^. o*04 0<Xm<9 0^iS»5: 
xi^yv:ty9mtmmthzbft^. 

[00741 01 3<4. mmmi^^co^^^trm^ 
mm,i. si2tfc»ti>-e*tfci^-T&i.. 

[007 5] za^Azii\^x\i. ^'^x^yY^yW. 

3y*«(gJt$ii^:V^. d1fimAi.zm-^ht. ^ 
^U{ZT^[z^«7)^^\z^-i^3ymii^m.-fhtz 
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= 10- ~60* ^t>(zm.tL<\id=l5' ~45- 

[ 0 0 7 6 ] 01 4tt. *l6HBc^^^MIL:t«£m^ 
^t><7)T'&-&. t--y^^5raBu (X) tCjt^Tjgffl 10 
et^R*&L=3:i,^ (Y) t-t,EgHffltffi:^*%#§iT. 
*IMH<0||iS«^ (Z) T'Ji. $'?.tc:^#=5rJ5:>]a 

C 0 0 7 7 1 ^^TkiRsS^ fiJffl-ri.*^BBiOJSffligH{i 

30 

[0 0 801 tfz^Wm r®2e-:7j 
[00811 
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